1. Introduction {#s0005}
===============

Mouse 3T3-L1 preadipocytes are a well characterized model for adipogenic differentiation. Undifferentiated cells possess a typical fibroblast morphology, and undergo differentiation to adipocytes in response to a cocktail of adipogenic factors containing insulin, dexamethasone (a glucocorticoid receptor agonist), and 3-isobutyl-1-methylxanthine (IBMX, a phosphodiesterase inhibitor resulting in elevated cyclic AMP levels [@bib1]). Zebisch et al., [@bib2] described a detailed protocol for the efficient differentiation of 3T3-L1 cells to adipocytes. In this protocol they added the Peroxisome Proliferator-Activated Receptor γ (PPARγ) agonist rosiglitazone to the classical cocktail based on a previous work by Wabitsch et al. [@bib3], who found that rosiglitazone stimulated adipogenic differentiation in a dose-dependent manner with a maximum effect at concentration of 2 μM. This drug works as an insulin sensitizer, by binding to the PPARγ receptors and making the cells more responsive to insulin. Approximately 4 days after adding the adipogenic cocktail to 3T3-L1 preadipocytes, the cells start to accumulate lipids in the form of cytosolic lipid droplets that grow in number and size over cultivation time [@bib2], and adipogenic differentiation is achieved within 5--7 days [@bib4]. At the molecular level, this process is finely tuned through a transcriptional cascade in which many factors are involved [@bib5]. Among other proteins that affect adipogenesis, Lipin1 and TAZ (Transcriptional regulator with PDZ binding motif) share the mode of regulation of their subcelular localization through cytoplasmic retention induced by phosphorylation and binding to the regulatory 14-3-3 proteins [@bib6], [@bib7]. Lipin-1 is a bifunctional protein involved in both adipogenesis, in the biosynthesis of triacylglycerols through its phosphatidate phosphatase activity, and lipid metabolism, acting as a transcriptional co-activator of genes involved in oxidative metabolism [@bib7]. TAZ was reported to interact with a variety of transcription factors that control cell differentiation and organ development [@bib8], [@bib9]. In mesenchymal stem cells, it co-represses PPARγ dependent gene expression [@bib8], thus inhibits adipogenesis. The 14-3-3s are phospho-serine/threonine binding proteins that have a pivotal role in the regulation of metabolism and signal transduction networks. This family, ubiquitous among eukaryotic organisms, is composed of \~30 kDa acidic proteins. Seven highly conserved 14-3-3 paralogs are present in mammals (β, γ, ε, η, θ, ζ, and σ), and their expression pattern varies in different cell types and tissues [@bib10], [@bib11]. These paralogs are homo- and hetero-dimers, regulating a diverse array of cellular proteins [@bib12]. Although initially thought as redundant, the number of studies showing specialization of these paralogs is constantly growing. The 14-3-3 proteins bind to specific phosphorylated motifs on their target proteins and regulate their subcelular localization, stability and/or activation [@bib13]. Although serine/threonine phosphorylation plays a crucial role in metabolic regulation, the effects of 14-3-3s and particularly the involvement of the different paralogs on the regulation of metabolic processes are poorly understood. Together with kinases and phosphatases, the regulatory 14-3-3 proteins are essential components of phosphorylation-mediated signaling [@bib15].

Péterfy and coworkers [@bib7] demonstrated that insulin stimulation of 3T3-L1 adipocytes results in increased lipin-1 phosphorylation, enhanced interaction with 14-3-3, and predominantly cytoplasmic localization. Similarly, 14-3-3 proteins regulate the subcelular localization of the Hippo effectors TAZ and YAP by retention in the cytoplasm as a consequence of their phosphorylation in specific residues by the kinase cascade [@bib6]. These and other interactions of 14-3-3 with adipogenesis related proteins (see also Seipin in the discussion, [@bib14]) show the importance of this family in the regulation of this differentiation process. Despite this, to our knowledge there is no available data from a systematic study analyzing the entire 14-3-3 family at both mRNA and protein levels during differentiation. Although Pal et al. [@bib4] performed a proteomic analysis of rosiglitazone treated 3T3-L1 preadipocytes, this study only mentions one of the seven 14-3-3 mammalian isoforms. The strict conservation of 7 paralogs throughout all mammalian species, and evidences of their tissue specificity and protein-protein interaction networks differences [@bib15] makes it interesting to investigate in detail the relative levels of the 14-3-3 isoforms before and after 3T3-L1 adipogenic differentiation. In this study, we have shown differential expression and accumulation of specific 14-3-3 isoforms, both at the mRNA as protein levels. We also performed a bioinformatics analysis of their promoter regions and discussed the results in the context of the regulation of this family in response to adipogenic signals and its possible role in the process.

2. Materials and methods {#s0010}
========================

2.1. Chemicals {#s0015}
--------------

High-glucose DMEM and antibiotics penicillin and streptomycin were from Gibco Laboratories (Grand Island, NY, USA) and FBS was from GBO (Germany). IBMX and dexamethasone were purchased from Sigma Chemical Co (St. Louis, MO). Bovine insulin and rosiglitazone were from Beta Laboratories (Buenos Aires, Argentina). TRIzol Reagent was from Life technologies (California, USA) and Green Mastermix from Roche (Basel, Switzerland).

2.2. Cell culture and differentiation {#s0020}
-------------------------------------

3T3-L1 preadipocytes (ATCC, USA) were cultured in 10 cm diam. dishes in complete DMEM (10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin) at 37 °C and 5% CO~2~. Different insulin and rosiglitazone concentrations were evaluated by Oil red O staining at days 5, 9, 15 and 20. In further experiments 80% confluence cultures were induced to differentiate in complete DMEM supplemented with 250 nM dexamethasone, 0.5 mM IBMX, 2 µM rosiglitazone and 10 µg/ml insulin during 3 days, followed by 2 days in complete DMEM with 10 µg/ml insulin and 2 final days in complete DMEM. Untreated cells were grown for 3 days in serum free DMEM and then the media was supplemented with 2.5% FBS until the end of the experiment.

2.3. Oil red O staining {#s0025}
-----------------------

Lipid droplets in differentiated and control 3T3-L1 cells were stained using Oil red O as follows. The cells grown on cover slips in 24-wells plates were washed three times with PBS containing 1 mM CaCl~2~ and 1 mM MgCl~2~, and then fixed for 20 min with 4% paraformaldehyde. Oil red O (0.35% w/v) in isopropanol was diluted in water (6/4 ratio)*,* filtered by 0.2 µm nitrocellulose membrane, added to the fixed cells for 2 h at room temperature, exhaustively rinsed with MQ water and then mounted in Mowiol (as recommended by the manufacturer) for microscopy analysis. In parallel samples, the extent of fat accumulation (which is proportional to the Oil red O staining), was quantified as in [@bib16]. Briefly, water excess was evaporated by placing the stained cells at 32 °C, 150 µl of isopropyl alcohol was added to each well with stained cells in a 24-well-plate to extract the dye, which was removed after 10 min of incubation and its absorbance monitored spectrophotometrically at 510 nm.

2.4. RNA isolation, cDNA synthesis and quantitative real-time PCR {#s0030}
-----------------------------------------------------------------

Total RNA was purified as previously described [@bib17] using 1 ml of TRIzol reagent per 10 cm diam. culture dish containing confluent cells. After verifying the RNA integrity, retrotranscription was achieved using the M-MLV Reverse Transcriptase (Life Technologies). The PCR reactions were performed using three biological samples and three technical replicates in 20 µl volume containing SYBER Green Mastermix with the following steps: denaturation 95 °C 15 s, annealing and elongation 60 °C 30 s. The primers used were designed to be highly specific for each 14-3-3 isoform and are described in [Table S1](#s0085){ref-type="fn"} (supplementary material). Primers sequences for the adipocyte Protein 2 (aP2) gene were taken from [@bib8]. Peptidylprolyl Isomerase A (PPIA) was chosen as a normalizing gene [@bib18].

2.5. Whole cells lysates and Western Blot analysis {#s0035}
--------------------------------------------------

Whole cells lysates were prepared in RIPA buffer (50 mM Tris, pH 7.5; 150 mM sodium chloride; 1% NP-40; 0.5% sodium deoxicholate and 0.1% SDS). The proteins were resolved by SDS-PAGE and then electrotransfered to a nitrocellulose membrane in Towbin buffer for WB assay. Specific validated antibodies recognizing the amino-terminal regions of each 14-3-3 mammalian isoform [@bib19] were kindly donated by Dr. A. Aitken (University of Edinburgh, Scotland, UK). Mouse monoclonal anti-α-Tubulin antibody (Sigma) was used as loading control. The secondary antibodies used were anti-rabbit IgG-HRP and anti-mouse IgG-HRP (Promega).

2.6. In silico analysis of 14-3-3 genes promoter regions {#s0040}
--------------------------------------------------------

The *in silico* promoter region analysis of the seven genes that codify for the 14-3-3 isoforms was performed following the hypothesis that functional DNA sequences are evolutionary constrained and thus are highly conserved through different species. We used several tools implemented in dcode.org (<http://ecrbrowser.dcode.org> [@bib20] and <http://mulan.dcode.org> [@bib21]). First, we searched each gene of the 14-3-3 proteins in the *Mus musculus* genome. Our selection included from the 3′UTR to the 5′UTR of each gene. To include regulatory sequences we added 1000 bp upstream to the first nucleotide of the 3′UTR intron. Local multiple genome sequence alignments of these regions from four mammalian genomes (mouse, cow, human and macaque) were performed. Finally, we searched for transcription factor binding sites for transcription factors described to have participation in adipogenic differentiation [@bib5], and listed those that are evolutionary conserved across the four species.

3. Results {#s0045}
==========

3.1. 3T3-L1 differentiation {#s0050}
---------------------------

Several adipogenic cocktails with variable compositions are reported in the literature to induce differentiation of 3T3-L1 cells. However, because of differences in their efficiency, we first tested four different formulations including two different insulin (1 and 10 µg/ml) and three different rosiglitazone (0, 2 and 4 µM) concentrations. The efficiency of these cocktails was evaluated by Oil red O staining at 5, 9, 15 and 20 days after induction. We found that the most efficient induction cocktail contained 0.5 mM IBMX, 250 nm dexamethasone, 2 µM rosiglitazone and 10 µg/ml insulin ([Fig. 1](#f0005){ref-type="fig"}(A)). Lipid droplets accumulation inside the differentiating cells increased during 7 days following induction. Later, many lipid droplets released their content, and the cell layer started to detach at the well margins progressing through the center until complete detachment. For this reason we decided to finish the experiments at day 7 after induction. Microscopy images of differentiated and control 3T3-L1 cells stained with Oil red O evidenced groups of differentiated cells ([Fig. 1](#f0005){ref-type="fig"}(B)) spread among undifferentiated cells. Oil red O quantification was significantly higher (*p*=0.03) in differentiated cells ([Fig. 1](#f0005){ref-type="fig"}(C)). Consistently, the adipogenic marker aP2 gene relative expression measured by qPCR was more than 450 folds higher at 7 days of differentiation ([Fig. 1](#f0005){ref-type="fig"}(D)) compared to untreated cells.Fig. 1Adipogenic differentiation of 3T3-L1 cells. A) Bright-field microscopy images (10×) of 3T3-L1 preadipocytes (U, untreated) and subjected to adipogenic differentiation using four different formulations including 0.5 mM IBMX, 250 nM dexamethasone and variable concentrations of insulin and rosiglitazone. + I, 1 µg/ml insulin;++ I, 10 µg/ml insulin;+ R, 2 µM rosiglitazone;++ R, 4 µM rosiglitazone. Cells were fixed and lipid droplets stained with Oil red O at 5, 9, 15 and 20 days after induction. B) Same as in A, with 10 µg/ml insulin and 2 µM rosiglitazone, fixed and Oil red O stained at day 7 after induction. Magnification 4×, inset 40×. C) Fat quantification through absorbance of Oil red O at 510 nm recuperated from discoloration of 3T3-L1 stained cells untreated (U) and after 7 days of adipogenic induction (D). A, B and C) Data were similar in two other experiments. D) aP2 gene relative expression measured by qPCR at 7 days of differentiation of 3T3-L1 cells compared to untreated cells. Bars represent averaged mean data from three biological and technical replicates of qPCR.Fig. 1.

3.2. Relative levels of 14-3-3 proteins in untreated and differentiated 3T3-L1 cells {#s0055}
------------------------------------------------------------------------------------

Because 14-3-3 proteins regulate several other proteins known to affect cell differentiation, we evaluated the mRNA and protein levels of the different 14-3-3 paralogs in untreated and differentiated 3T3-L1 cells. We found significant differences in the mRNA levels of three from six isoforms evaluated by qPCR ([Fig. 2](#f0010){ref-type="fig"}(A)). 14-3-3β presented the highest difference, with an average of more than 14 folds increase in 7 days differentiated cells compared to untreated 3T3-L1 preadipocytes. 14-3-3γ and η paralogs also showed higher mRNA levels in differentiated cells, although the difference was less pronounced (5.3 and 4.2 folds respectively) that the one observed for 14-3-3β ([Fig. 2](#f0010){ref-type="fig"}(A)). 14-3-3β, γ and η protein levels were also higher in differentiated compared to untreated cells, in this case being γ the isoform with the highest difference. In contrast, 14-3-3ε protein levels decreased after differentiation, whereas θ and ζ levels remained unaltered ([Fig. 2](#f0010){ref-type="fig"}(B)). 14-3-3ζ mRNA was also invariable upon differentiation ([Fig. 1](#f0005){ref-type="fig"}(A)). Because 14-3-3γ showed the highest difference at the protein level, in order to quantify its relative increase in differentiated cells, we analyzed by WB decreasing amounts of total lysates from differentiated cells, from 25 to 5 µg. We verified a 2.5 folds increase in differentiated compared to control cells ([Fig. 2](#f0010){ref-type="fig"}(C)). 14-3-3σ protein levels were undetectable by WB in 3T3-L1 cells.Fig. 2Relative levels of 14-3-3 proteins paralogs in untreated and differentiated 3T3-L1 cells 7 days after adipogenic induction. A) 14-3-3 paralogs expression measured by qPCR of differentiated 3T3-L1 cells relative to untreated cells. PPIA was used as normalizing gene. Bars represent averaged mean data from three biological and technical replicates of qPCR. B) 40 µg of whole cell lysate from untreated and differentiated 3T3-L1 cells were loaded per well and separated by SDS/PAGE. Blots were divided for reaction with specific antibodies against each of the different 14-3-3 paralogs and α-Tubulin as loading control. Bars in the graphs represent mean±SD, of values from 3 experiments quantified by densitometry and expressed relative to that of α-Tubulin values from the same western blot line. Asterisks indicate significant differences between samples (using the non-parametric Wilcoxon rank-sum test, p\<0.05). C) Same as in B using antibodies against 14-3-3γ and α-Tubulin. Decreasing amounts of whole cell lysate of differentiated cells were loaded per well. B and C) Data were similar in two other experiments.Fig. 2.

3.3. In silico promoter analysis {#s0060}
--------------------------------

In order to search for functional highly conserved DNA sequences containing binding sites for transcription factors described to have participation in adipogenic differentiation [@bib5], we performed local multiple genome sequence alignments of the seven 14-3-3 genes including their 3′ and 5′ UTR, and 1000 bp upstream to the first nucleotide of the 3′UTR intron, from four mammalian genomes (mouse, cow, human and macaque). We listed those transcription factor binding sites that are evolutionary conserved across the four species and summarized their frequencies in [Table 1](#t0005){ref-type="table"}. Their sequences were specified in a note below [Table 1](#t0005){ref-type="table"}, and their locations on 14-3-3 genes were given in [Table S2](#s0085){ref-type="fn"} (Supplementary material). 14-3-3γ contained the highest number (17) of total adipogenesis related transcription binding sites, compared to the other 14-3-3 paralogs. 14-3-3γ was also the isoform that included DNA binding sequences for a larger array of transcription factors related to adipogenesis ([Table 1](#t0005){ref-type="table"}). Although 14-3-3β number of adipogenesis related transcription factors binding sites was relatively low compared to other paralogs, it includes 2 binding sites for CCAAT/ Enhancer-Binding Protein-β (C/EBPβ), which is critical during differentiation induction ([Section 4](#s0065){ref-type="sec"}), and also includes one for the master regulator of adipogenesis PPARγ. The opposite was observed in 14-3-3ζ promoter regions, which even though it has a higher number of adipogenesis factors binding sites than 14-3-3β, c/EBPβ and PPARγ are absent. It is to be noted that 14-3-3σ promoter region does not contain any of the transcription factors binding sites related to adipogenesis differentiation.Table 1Frequency of adipogenesis related transcription factor binding sites[a](#tbl1fna){ref-type="table-fn"} in 14-3-3 genes promoter regions.Table 1.14-3-3β14-3-3γ14-3-3ε14-3-3η14-3-3θ14-3-3ζ14-3-3σ**C/EBP α0400010C/EBPβ2101100C/EBPδ0001100**CREB0401110GATA21111000GATA30110000GR0000020KROX0260010**PPARγ1210000**SMAD1101010STAT5A0110010Total517105370[^1]

4. Discussion {#s0065}
=============

The 14-3-3 proteins are important regulators of many phosphorylation-mediated cellular functions. Here we focused on the analysis of 14-3-3 paralogs at both mRNA and protein levels in 3T3-L1 differentiating cells. First, we optimized adipogenesis induction cocktails based on previous works [@bib2], [@bib8]. The most effective cocktail was similar to the one used by Zebisch et al. [@bib2] with a higher insulin concentration (10 µg/ml). We observed groups of differentiated 3T3-L1 cells scattered among undifferentiated cells, which was previously observed [@bib22], possibly due to intercellular contact and signaling.

Our results showed that both at the mRNA and protein level, 14-3-3β and γ were the isoforms that most changed after adipogenic differentiation. Their higher mRNA levels may be due to adipogenesis related transcription factor binding sites present in their promoter regions. Even though many transcription factors have a role in adipogenesis, it is the expression of PPARγ, C/EBPα, C/EBPβ and C/EBPδ, as well as the epigenomic coordination between these factors, that are the primary drivers of adipocyte gene induction during terminal differentiation [@bib5]. PPARγ and these C/EBPs also regulate each other in a positive feedback circuit, which is central to terminal differentiation. This may explain the higher mRNA levels of 14-3-3β and γ, which are the only 14-3-3 paralogs that contain a combination of binding sites in their promoter regions including both types of transcription factors. Furthermore, genome-wide studies have shown that C/EBPβ is present at low levels in committed preadipocytes before the addition of adipogenic stimuli, and is bound to quiescent adipogenic hotspots. These are regions of the genome that display marks of active enhancers and recruit other adipogenic transcription factors after the addition of the adipogenic cocktail [@bib5]. 14-3-3β promoter region contains 2 binding sites for C/EBPβ, which may explain its upregulation upon adipogenic stimuli. Aghazadeh et al. [@bib10] summarized the tissue specific expression of human 14-3-3 isoforms based on data collected from two online human microarray databases. Notably, human adipose tissue is -after the brain- the second in relative expression of 14-3-3γ, whereas for other isoforms this tissue ranks 5th or more. The other 14-3-3 isoform that we found to raise both mRNA and protein levels in differentiated 3T3-L1 cells compared to preadipocytes is 14-3-3β. This was previously observed by Yang et al. [@bib14] who reported in 3T3-L1 cells a maximum of 14-3-3β mRNA at day 8 (fully differentiated cells) and at the protein level a plateau reached at day 4 after adipogenic induction. Indeed, 14-3-3β has been recently identified as an interacting partner of the ER-membrane Seipin protein, an important regulator in adipocyte development [@bib14]. Seipin regulates lipid homeostasis by preventing lipid droplet (LD) formation in non-adipocytes but promoting it in developing adipocytes. Yang et al. [@bib14] proposed a model in which 14-3-3β is recruited by Seipin after detection of high lipid levels in the cell. 14-3-3β transduces the Seipin-guided lipid signal from the ER to the cytoplasm, directing cofilin-1-mediated cytoskeleton reorganization, which is necessary for preadipocytes to differentiate [@bib14].

Most recently, Park et al. [@bib23] reported that 14-3-3β and γ differentially regulate the transcriptional activity of the nuclear receptor PPARγ2 in mouse primary hepatocytes and HepG2 cells. Although 14-3-3β and γ competitively interact with the same serine residue on PPARγ2, 14-3-3β increased while 14-3-3γ decreased the transcriptional activity of PPARγ2. In adipogenic differentiated 3T3-L1 cells, both 14-3-3γ and β increased their levels, suggesting that 14-3-3γ may have, as Seipin, opposites roles on lipid metabolism in non-adipose *vs.* adipose cells [@bib14], or it may be up-regulated as part of a negative feedback loop regulation mechanism.

To our knowledge, there are no reports about 14-3-3η and ε roles in lipid metabolism. Our results showed accumulation at the mRNA and protein levels of 14-3-3η, and a specific depletion of 14-3-3ε protein levels. This suggests that both may have probably opposed regulatory roles in this differentiation process.

After adipogenesis of 3T3-L1 cells, we observed unchanged 14-3-3ζ mRNA and protein levels. Indeed, the gene coding for 14-3-3ζ (YWHAZ) was identified among the best performers to be used as a housekeeping gene for normalization for qPCR of mesenchymal stem cells in adipogenic, osteogenic and chondrogenic differentiation experiments [@bib24]. 14-3-3ζ promoter region contrasts with that of its paralogs 14-3-3β and γ in the absence of both types of transcription factors that are critical for the adipogenesis transcription program (C/EBPs and PPARγ), which may be the cause of its unchanged mRNA levels in differentiated cells. 14-3-3σ was the only paralog that we could not detect in 3T3-L1 cells, both in preadipocytes and after differentiation, thus it was not surprising to find that it was the only one not containing any of the adipogenesis factors binding sites analyzed ([Table 1](#t0005){ref-type="table"}). This was expected as it is known to be specifically expressed in epithelial cells [@bib25].

The fact that seven 14-3-3 isoforms have been evolutionary retained throughout the entire mammalian class has been an intriguing issue driving research for years in the 14-3-3 field. Using a computational system approach we have previously found that the protein-protein interaction networks of the 14-3-3 paralogs are statistically different. Among other differences, certain domains are over-represented in partners of one specific isoform but absent in others. That is the case for the Low density Lipoprotein Receptor LDLR (A and B) domains, which are exclusive to the 14-3-3γ network [@bib15]. Skogsberg et al. [@bib26] showed that the binding of apoB100-LDL to adipocytes via the LDL receptor inhibits intracellular noradrenaline-induced lipolysis in adipocytes. Although the relationship between 14-3-3γ and the LDLR remains unknown, the specific up-regulation of 14-3-3γ upon adipogenic differentiation may suggest that this 14-3-3 isoform, whose interaction network is specifically enriched in LDLR domains, may possibly have a role in adipogenesis through interaction with the LDLR.

5. Conclusions {#s0070}
==============

Our results clearly show an independent regulation of 14-3-3 family members during 3T3-L1 adipogenesis. Specifically, 14-3-3β, γ, and η are accumulated while 14-3-3ε is down regulated. The frequency and distribution of adipogenesis related transcription factor binding sites on the different 14-3-3 paralogs promoter sequences may explain these differences. Although some previous articles described the relative expression and/or levels of isolated 14-3-3 isoforms and their response to a differentiation process, to our knowledge, this is the first study to systematically analyze the complete 14-3-3 family at both protein and mRNA levels before and after a differentiation process. Our analysis supports the currently growing concept of specific molecular functions for the different 14-3-3 paralogs.

A global understanding of the regulation of each member of this important regulatory protein family will contribute to predict what could occur when regulatory circuits become dysfunctional or are modified in response to external stimuli.
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Supplementary material: **Table 1.** Information of the dataset files. **Table 2.** The peptide quantification file combines the four search result files as listed in Supplementary Table 1. **Network 1.** Network built based on the filtered proteins of interest. Under the PSIMI25 visual style, the red (positive value) to blue (negative value) shade is applied to the nodes according to the ratio of protein abundance on the inner membrane of the mutant. The thickness of the edges is drawn according to the mentha scores. **Network 2.** Network of MinD and MinE. Under the PSIMI25 visual style, the red (positive value) to blue (negative value) shade is applied to the nodes according to the ratio of protein abundance on the inner membrane of the mutant. The thickness of the edges is drawn according to the mentha scores.
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[^1]: The sequences (strictly conserved nucleotides in capital letters, less conserved in lower case letters) of the transcriptions factors are as follows: C/EBPα, ccaTTgcttaatct; C/EBPβ, TTTAGCAA; C/EBPδ ATTGCTTAA; CREB, TGACACCA/TGAAGTC; GATA2, GATCAGA; GATA3, GATCAAA; GR, TGTTC; KROX, CTCCCCC; PPARGγ, TGGCCTTTGCCC; SMAD, AGACagctc; STAT5A, TTCCTTGAACACCACTGCTTTG. The locations of these sequences on 14-3-3 genes are given in [Table S2](#s0085){ref-type="fn"} (Supplementary material).
